The presented results provide the first comprehensive description of the C.
INTRODUCTION
Invasive alien species (IAS) occurring in land and water environments constitute only a small percentage of all species introduced accidently or deliberately by man (Williamson & Fitter 1996) . In spite of this, they cause serious ecological and socioeconomic problems. Invasive species are one of the main threats to natural ecosystem richness, and their expansion may result, among others, in significant homogenization of ecosystem biodiversity (Pimentel 2002 , Pimentel et al. 2004 .
Because of its specific and unique nature, the Baltic Sea is especially susceptible to invasions (Leppäkoski & Olenin 2000 , Leppäkoski 2004 ). This phenomenon has been most frequently observed in coastal areas, bays and estuaries (Leppäkoski & Mihnea 1996 , Leppäkoski et al. 2002 , Zaiko et al. 2011 . It is only in the last decade that some new non-indigenous species (NIS) have been reported in the Southern Baltic. They include: Cercopagis pengoi and Evadne anonyx (Cladocera), Limnodrilus cervix (Annelida) or Mnemiopsis leidyi (Ctenophora). The first two species have been brought from the PontoCaspian region, and the next two − from North America (Bielecka et al. 2000 , Janas & Zgrundo 2007 , Bielecka et al. 2014 , Dumnicka et al. 2014 .
Besides fishes and molluscs, benthic and planktonic crustaceans are among the richest groups of invasive species in the water environment (Leppäkoski et al. 2002) . The Ponto-Caspian cladoceran, Cercopagis pengoi, is one of those that have successfully colonized new areas, expanded its range and significantly affected newly inhabited ecosystems (Leppäkoski & Olenin 2000 , Laxson et al. 2003 , Ojaveer et al. 2004 , Põllumäe & Kotta 2007 . For this reason, C. pengoi is being placed by the International Union for the Conservation of Nature and Natural Resources (IUCN) on its list of the 100 most invasive alien species in the world (Invasive Species Specialist Group (ISSG) 2006).
C. pengoi could have entered the Baltic Sea through various vectors such as dispersion of undigested resting eggs that are excreted by fish and birds, spreading by wind or a water current, or environmental changes driven by human activity. The ballast water released from ships is considered to be the most probable one (Gollash & Leppäkoski 1999 , Gorokhova et al. 2000 . The species was recorded for the first time in the beginning of 1990s, in the Gulfs of Riga and Finland (Ojaveer & Lumberg 1995 , Krylov et al. 1999 ). In the Gulf of Gdańsk, the first specimens of C. pengoi were observed in 1999 (Żmudziński 1998 , Bielecka et al. 2000 , Duriš et al. 2000 . Seven years later, i.e. in 2006, C. pengoi established the first stable population, which is maintaining itself for the whole summer season (Bielecka & Mudrak 2010) .
Although the occurrence of C. pengoi and its importance in the zooplankton of the north-eastern Baltic Sea have been quite well documented (Krylov et al. 1999 , Gorokhova et al. 2000 , Strake 2002 , Ojaveer et al. 2004 , Simm & Ojaveer 2006 , the data on this species in Polish coastal waters are still rather scarce and general (Bielecka et al. 2000 , Olszewska 2006 , Bielecka & Mudrak 2010 . There are no detailed reports on the spatio-temporal distribution of the species in that area, or the basic characteristics of the specimens from the local population. It is worth mentioning that the importance of research on the trends in the abundance, temporal occurrence and spatial distribution of non-indigenous species, in particular invasive species, has been reported by the European Commission in the "Decision on criteria and methodological standards on good environmental status of marine waters" (EU 2010) . Accordingly, the main purpose of the present work was to thoroughly investigate (1) the occurrence, abundance, spatial distribution and (2) the population structure of C. pengoi (with regard to stage, sex and size) in the Gulf of Gdańsk and in the open water of the Polish zone of the Baltic Sea seven years after its first record. The presented results fill the gap in the hitherto existing literature on the Polish coastal zone, providing the first comprehensive description of the C. pengoi population and documenting new records of the species expansion.
MATERIALS AND METHODS
Planktonic material was collected in 2006, from February to December, in the Gulf of Gdańsk (within the zooplankton monitoring program carried out by the Institute of Oceanography, University of Gdańsk), and between June and August in the open waters of the Southern Baltic (within the zooplankton monitoring program carried out by the National Marine Fisheries Research Institute). In the Gulf of Gdańsk, the samples have been collected from the eastern (Krynica Morska profile -K1-K4, Świbno profile -Sw2-Sw4) and western (Mechelinki station -M2, Sopot profile -So1-So4 and J23) parts of the gulf (Fig. 1, Table 1) . In the open area, the sampling stations were located along the Polish zone, from the Gdańsk Deep to the most western station close to the island of Bornholm (station 217), situated almost at the same altitude as the city of Kołobrzeg (Fig. 2, Table 2 ). Hauls were carried out up to a maximum depth of 40 m (the Gulf of Gdańsk) and 105 m (open waters) using a closing Copenhagen plankton net (mesh size 100 μm) from the r/v "Oceanograf 2", and a closing WP-2 net (the same mesh size as in the previous net) from the r/v "Baltica", respectively. Temperature and salinity were recorded for all hauls. The biological material was preserved in 4% formaldehyde solution. The overall zooplankton community analysis was performed in a laboratory. All specimens of Cercopagis pengoi were separated under a binocular microscope. All organisms in a sample were counted to calculate the abundance (ind. m -3 ), and assigned to age stages (barb stages -BS I-III) and sex. The following groups were distinguished: the first instar (sex was not determined), the second or the third instarparthenogenetic and gamogenetic females (according to a varying content of the brood pouch), and males (Fig. 3A , B and C). The age structure -instars -were distinguished by the number of lateral claws (paired barbs) at the base of the caudal appendage (postabdomen). In the case of females, the number of embryos (Fig. 3D ) or resting eggs (Fig. 3B) were counted. The morphometric analysis, i.e. length measurements of C. pengoi (total body length -from the tip of the head to the base of the caudal appendage) were performed on 98 specimens of different stages and sex. The statistical analysis -the correlation coefficient between environmental variables and the abundance of C. pengoi -was carried out using the Statsoft software STATISTICA v.9.1 (StatSoft, Inc. 2010). 
RESULTS

Distribution and abundance
In 2006, C. pengoi was observed at all 13 stations located in the inner part of the Gulf of Gdańsk, and at 4 (2Gd, B2, B3, RS1) of 11 stations situated in the open water of the Southern Baltic (Table 1 and 2). The earliest record comes from the 2Gd station (Gdańsk Depth area), at the end of June. During that time, the water temperature at the site ranged from 19.60°C at the surface to 4.27°C at 65 m depth, while corresponding values of salinity were from 6.19 to 9.24 PSU ( Table 2 ). In the Gulf of Gdańsk, C. pengoi appeared in the beginning of July and was observed at all the stations situated in the western part of the gulf. At that time, the water temperature varied between 23.60°C (the maximum value for the whole study period, So4 station, surface water; please see also Bielecka & Mudrak 2010) and 4.50°C (J23 station, 40 m depth), and salinity between 4.60 PSU (So3 and So4 stations, surface water) and 7.70 PSU (the maximum value for the Gulf of Gdańsk, J23 station, 40 m depth) ( Table 1 ). The cladoceran occurred till the second half of August in both investigated regions. In contrast to the open water Temperature and salinity were measured at a depth limit of each water layer; *sampling depths in August area, however, the species was observed at every station and at all sampling depths only in the Gulf of Gdańsk (Table 1 and 2). In the whole period of C. pengoi occurrence in the Gulf of Gdańsk, the lowest values of water temperature and salinity were 3.60°C (August 18 th , Sw4 station, 30 m depth) and 2.70 PSU (July 29 th , Sw2 station, surface water) (please see also Bielecka & Mudrak 2010) . In the open water of the Southern Baltic, C. pengoi was found even at a lower temperature, i.e. 2.33°C (August 17 th , B3 station, 60 m depth) and higher salinity − the maximum value 13.97 PSU (August 18 th , B3 station, 80 m depth). The most westerly record of C. pengoi was at the B2 station located almost at the same altitude as the city of Ustka (Table 2 ). The occurrence of C. pengoi was positively correlated with water temperature (recorded during the whole investigated period) using the Pearson correlation coefficient of 0.34166 (p<0.05) (Fig. 4) . There was, however, no statistically significant correlation between the abundance of this species and the salinity (r = -0.04757, p>0.05).
The abundance of C. pengoi fluctuated from some to several hundred individuals per cubic meter (Table  1 and 2). At the end of July, the lowest and the highest densities were found in the eastern part of the Gulf of Gdańsk, 1 ind. m -3 (Sw2 station, 0-10 m depth) and 370 ind. m -3 (K4 station, 0-10 m depth) (please see also Bielecka & Mudrak 2010) , respectively. The same low densities were also observed in August (stations: Sw4 -20-30 m depth; K4 -0-10 m depth). In the open water of the Southern Baltic, the maximum abundance of C. pengoi, i.e. 272 ind. m -3 was found in June at the 2Gd station (25-65 m depth). Generally in July, the concentrations of C. pengoi were the lowest at the most shallow coastal stations (e.g. M2, So1, So2, Sw2, K1, K2) and did not exceed 82 ind. m -3 . The species was much more abundant in the water far from the coast, where it occurred with 2, 3 and 4 times higher densities in different layers of the water column (So3, So4, J23, K4 and Sw4 stations). In August, densities of C. pengoi were more balanced and varied from 1 to 88 ind. m -3 in both regions. In contrast to the distribution of the species in July, its maximum abundance in August was observed at the most shallow station (K1). Over the whole period of C. pengoi occurrence, the mean abundance at individual stations ranged from one to slightly above 200 ind. m -3 . Taking into account the distribution of the cladoceran in the water column, it can be concluded that the species was most abundant at a depth interval of 0-20 m, at most stations. Furthermore, at the stations with the maximum sampling depth of 20 m, the abundance of C. pengoi rather increased with depth (July and August, So3 and K3 stations). The vertical distribution of the species was more varied at deeper stations, both in the Gulf of Gdańsk and in the open water. C. pengoi was concentrated in the uppermost sampling layer (July − So4, K4 and Sw4 stations, August − Sw4, 2Gd, RS1 and B2 stations), or almost homogeneously distributed in the water column (e.g. in August − So4, J23, K3 and K4 stations), or most abundant in the lowest layer of the water column (June − 2Gd station, August − B3 station). The maximum depth of C. pengoi occurrence (80 m) was found at the most western station (B2) ( Table 1 and 2).
Population characteristics
In 2006, the population of C. pengoi was represented by specimens at all age-specific morphological stages (BS I-III), with one to three pairs of spines on the caudal process. The second and the third instars consisted of partheno-and gamogenetic females, and males (Fig. 5A , B, C and D). In July and August, the largest part of the population (up to 81.53%) was represented by juvenile specimens (BS I and II). Among them, at the beginning of July, BS II specimens were dominant (42.89%) at the J23 station situated in the western part of the Gulf of Gdańsk (Fig. 5A ), whereas BS I specimens (43.18%) were most abundant in August (Fig. 5C ). The opposite observation was made at the Sw4 station (the eastern part of the gulf) where at the end of July, the population was dominated by BS I specimens (more than 50%) (Fig. 5B) , whereas in August, the contribution of BS I was over two times lower (16.92%) and the dominant group was BS III (49.24%) (Fig. 5D) . Specimens of the adult stage represented from 18.48% to almost 50% of the population: parthenogenetic females from a dozen to slightly over 30%, gamogenetic females − up to 13.85%, and males − up to 4.62% (Fig. 5A , B, C and D). It is worth noting that parthenogenetic females in the second instar constituted the majority of BS II specimens (Fig. 5A, B, C and D) . Therefore, it can be concluded that, depending on the time and the site, the population of C. pengoi was dominated by parthenogenetically reproducing females (39.89-62.93% of the whole population) (Fig. 6A and B) . The contribution of gamogenetic females and males in BS II-III varied from 1-13.85% and 1.14-10.77%, respectively. They occurred mainly in August, including especially gamogenetic females ( Fig. 6A  and B) . Also noteworthy is the fact that the percentage of parthenogenetic females and males, among all collected specimens of C. pengoi, decreased from July to August at the J23 station (Fig. 6A) , while the opposite situation was observed at the Sw4 station (Fig. 6B ). In the case of gamogenetic females, the trend was similar at both sampling stations, i.e. the increasing contribution of specimens from July to August (Fig. 6A and B) . Parthenogenetic females 
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with 3-11 embryos within the brood chamber were recorded. On the other hand, gamogenetic females carried usually two resting eggs (93%), and rarely a single egg. The representatives of different barb stages (BS) and sex were subjected to morphometric analysis, i.e. body length (Table 3) . A total of 98 specimens were measured; most of them (41 individuals) were parthenogenetic females of the second or the third instar (BS II-III), and the youngest specimens (39 individuals) -the first instar (BS I). The mean body length of juvenile specimens (BS I-II) ranged from 1.28 to 1.65 mm, while the length of the oldest stages (BS III) of parthenogenetic and gamogenetic females was more than 2 mm, and BS III of males -1.85 mm (Table 3) .
DISCUSSION
C. pengoi, although thermophilic (like all Cladocera), is a highly tolerant of changes in the water temperature (Krylov et al. 1999 ) and typically euryhaline species (Rivier 1998) . Aladin (1991) , who studied various aspects of the osmoregulation in Cladocera, classified C. pengoi, together with other Cladocera from the Aral Sea, as a slightly brackish water taxon with the capacity for the hyperosmotic regulation of haemolymph. The results of the present study confirm the ecological plasticity of the species. In 2006, C. pengoi was observed in the Polish Baltic in a broad range of temperature and salinity -the difference between the maximum and minimum values was ca. 21°C and slightly more than 11 PSU, respectively. However, the water temperature appears to be significant for the occurrence of C. pengoi − there was a positive correlation between this factor and the species abundance. A narrower range of environmental parameters -temperature and especially salinity -for C. pengoi in the Gulf of Riga was given by Strake (2002) . The author found that between 1997 and 1999 the species occurred at a temperature of 2.5-21.6°C and salinity of 3.84-6.59 PSU. A similar salinity tolerance of C. pengoi was reported in other Baltic regions, e.g. in the Swedish coastal waters and the open Baltic Proper (Gorokhova et al. 2000) . It should be mentioned, however, that although C. pengoi is observed in the Baltic Sea at a rather constant and wide range of temperature, the salinity recorded in 2006 in the open water of the Polish zone had the highest value (almost 14 PSU). Our studies showed that the distribution range of C. pengoi in the Polish zone of the Southern Baltic has considerably extended to the west (up to a longitude of 17°00'00" E), outside the village of Żarnowiec (the data from 2002) (Olszewska 2006 ). The previously mentioned salinity level, relatively high for the investigated species, was recorded at the station located at the most western limit of C. pengoi occurrence. (Bielecka & Mudrak 2010) one month later in the Gulf of Gdańsk. It has been seven years since (i.e. in July and August 1999) the cladoceran was found for the first time in abundant quantities (max. 1369 ind. m -3 ) in the shallow water zone of the Gulf of Gdańsk (Bielecka et al. 2000) . During this period, C. pengoi was usually observed at only single stations and at lower concentration (Bielecka et al. 2005 , Olszewska 2006 , thus the density in 1999 may be considered to be rather random. Long-term occurrence of C. pengoi in the Gulf of Riga was studied by Ojaveer et al. (2004) who reported an increase in the abundance and persistence of C. pengoi in the Gulf of Riga within ten years from the onset of invasion. The authors reported that the time of C. pengoi occurrence in zooplankton samples changed from 7 to 24 weeks. In 1999, after seven years from the first record of C. pengoi in the Gulf of Riga, the maximum abundance of the species (5790 ind. m -3 ) in the littoral zone (up to 1 m depth) was observed by Strake (2002) . Almost one year after the first record, at the end of May 2000, Polunina (2005) found higher abundance of C. pengoi (max. 7000 ind. m -3 ) in the Primorskaja Bight. Despite the lower abundance of C. pengoi in the Polish coastal zone, as compared to the Gulf of Riga and Primorskaja Bight, it seems that in 2006 the population had a stable character (Bielecka & Mudrak 2010) , since for the first time the animals were observed continuously for nine successive weeks, i.e. till late August. The concentrations of C. pengoi found in our studies are very similar to those in the Gulf of Finland (max. 305 ind. m -3 ), four years after the first appearance (Krylov et al. 1999 ). However, it should be pointed out that the presence of the cladoceran in the Polish coastal zone was shorter than that observed in other Baltic areas. Simm & Ojaveer (2006) noted that spring specimens of C. pengoi appear into zooplankton community of Pärnu Bay generally in May when the temperature exceeds 12-13°C. It is interesting that the first specimens of C. pengoi in the Gulf of Gdańsk appeared in early July of 2006, even though the water temperature in June reached the value of 9.2-21.1°C from the bottom to the surface. Furthermore, the June temperature at the bottom of the most shallow coastal stations exceeded 12-14°C. This certainly should be further investigated.
In the Gulf of Gdańsk and at the open sea stations, the population of C. pengoi occupied the whole water column, from the surface water to 80 m depth. However, its vertical distribution was not uniform as the maximum abundance values were recorded in different parts of the water column. Although specimens of this species were more frequently found at a depth above 20 m (Bielecka & Mudrak 2010) , there were also some sites where the maximum abundance was observed in the deepest water layer. Therefore, it is hard to find a clear relationship between the species abundance and the sampling depth in the study area. Similar heterogeneity in the vertical distribution of this Ponto-Caspian cladoceran in the Gulf of Finland was described by Uitto et al. (1999) . On the other hand, in the Gulf of Riga, C. pengoi was recorded in summer, mainly in the water above the thermocline (Strake 2002) . Similar observations were made by Krylov et al. (1999) in the Neva Estuary. Such a relationship was not observed in our studies. However, according to the two above-mentioned papers, C. pengoi could also show a reverse pattern of vertical distribution. Simm & Ojaveer (2006) reported that the development of the C. pengoi community in the Gulf of Riga started from shallower areas by extending towards deeper and open regions afterwards. A similar pattern of distribution was observed in the Gulf of Gdańsk in July 2006, when C. pengoi was much more abundant in the water far from the coast.
With respect to the population composition, in 2006 C. pengoi was represented by specimens at different stages of development and sex. The presence of the full C. pengoi population spectrum indicates that the environmental conditions in the Sothern Baltic favor the reproduction of the species (Bielecka & Mudrak 2010) , although the temporal and spatial differences in the abundance and population composition have been observed. It can be inferred from the results of this study that the C. pengoi population inhabiting the Gulf of Gdańsk had a high reproductive potential, as evidenced by the large number of the youngest specimens (BS I) -up to 52.20% of the whole population. On the other hand, very intense parthenogenetic reproduction of C. pengoi in 2006 resulted in a permanent population occurring from July to August. Parthenogenetic females of instars II and III constituted the dominant group, accounting for even more than 60% of the population, bearing up to eleven embryos in their brood pouches. Furthermore, adult gamogenetic females usually carried two resting eggs. A similar population structure of C. pengoi was observed in other Baltic regions (Krylov et al. 1999 , Gorokhova et al. 2000 , Strake 2002 , Polunina 2005 , Simm & Ojaveer 2006 , despite the fact that researchers have used different ways of sharing the population, giving off different age groups. However, some of the previous studies on the reproduction of C. pengoi have reported the maximum number of one, seldom two resting eggs per female (e.g. Strake 2002) .
The paper presents the results of the morphometric analysis of all C. pengoi stages with a focus on sex (except for the barb stage I). Other researchers have usually described the oldest stages of this cladoceran (with three spine pairs) including adult females and males (MacIsaac et al. 1999 , Simm & Ojaveer 2006 . Comparing the morphometric data of adults, it appears that the total body length of C. pengoi specimens from the Gulf of Gdańsk was somewhat greater (about 0.25-0.36 mm) than that of specimens from the Neva Estuary (MacIsaac et al. 1999) . On the other hand, the mean length of females (parthenogenetic -2.13 mm, gamogenetic -2.06 mm) is similar to that reported by Simm & Ojaveer (2006) for summer forms of C. pengoi (2.06 mm) from the other Baltic region, i.e. the Gulf of Riga.
In view of rapid invasions and their effect on the environment in the Baltic Sea, there is an urgent need for further monitoring of alien fauna and their capacity for spreading and formation of stable populations. The current investigation provides new information on spatio-temporal diversity of the population of one of the most invasive species, C. pengoi. In our opinion, the distribution and abundance of C. pengoi in the Southern Baltic suggest that colonization of this species in this region is still at an early stage, although ecological conditions seem to be suitable for settlement. On the other hand, the results of our studies show the local nature of the C. pengoi population and the specificity of its occurrence.
